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The study discussed in this document was carried out as part of the
efforts of the Pollution from Land Use Activities Reference Group,
an
organization of the International Joint Commission, established under
the Canada—US Great Lakes Water Quality Agreement of 1972.
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Findings and conclusions are those of the
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(ii) to estimate the attenuation of chemical pollutants by various soils,
and (iii) on the basis of the findings obtained in the field, to review
the guidelines set by the Ontario Ministry of the Environment pertaining
to the design and construction of septic tank—tile field systems.
A total of nine septic tank—tile field systems were chosen for
the study. The systems were constructed in soils ranging from clean
beach sands to clayey silts. Well points were installed at Strategic
locations adjacent to the systemsunder study. Whenever possible, the
ground water monitoring program was continued over a period of two years.
It was found that the attenuation of phosphorus by soils was
usually excellent (>902),the attenuation of nitrogen was good (about 80%)
and the attenuations of sodium and potassium were moderate (about 50%).
The bacteriological contamination caused by the disposal systems was
found to be minimal. In most systems studied, the quality of the ground
ii
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CONTAMINATION OF THE GREAT LAKES BY PRIVATE WASTES
(PART 1 — FIELD INVESTIGATIONS OF PRIVATE WASTE DISPOSAL SYSTEMS)
1. INTRODUCTION
In accordance with the terms of reference of Activity 3 in
the IJC/PLUARG Task C studies (1974), the main objectives of the private
waste disposal study were:
1. To determine the extent of contamination from private
waste disposal systems to receiving waters (e.g. streams,
rivers or lakes) and the attenuation of pollutants bysoils.
2. To examine the adequacy of existing regulations and guide-
lines concerning the design and construction of private
waste disposal systems.
3. To estimate the input of different pollutants*from the
existing private waste disposal systems to the Great Lakes.
This report (Part I — Field Investigations) summarizes the
field studies and interpretes the test results with reference to objectives
1 and 2. The study related to objective 3 is covered in part 2 of the
report which deals with pollutant loading estimates.
The approach adopted in this project was to study the contamination
of ground water from a number of existing private waste disposal systems.
Also the information pertaining to the usage and performance of these
systems, the soil and hydrogeological conditions at the site was obtained.
A total of nine test sites in Ontario were selected for the
project (Figure 1). The locations of the sites and the pertinent soil
characteristics are listed in Table l.
 









































FIGURE I, LOCATIONS OF PRIVATE WASTE DISPOSAL TEST SITES‘
 TABLE 1. LOCATIONS AND SOIL CHARACTERISTICS OF TEST SITES
Site Location of Site Soil
Characteristics
1 & 2 On Georgian Bay, Uniform fine beach
between Wasaga Beach sand.
and Collingwood.
3 On Bass Lake, west of Fine to medium
Orillia. sand.
4 'Innisfil,on the west Sandy silt.
shore of Lake Simcoe. A
5 On Lake Muskoka, north Imported medium sand H





7 On the outskirts of Clayey silt.
Milton.
8 In Town of Vaughan, Clayey silt.
west of Thornhill.
9 On Severn River, north Imported medium sand
of Washago.
overlying clayey silt
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sections would save having to auger two extra holes using type "A"
well points). Because of the cohesive nature of clayey soils, it was
possible to keep the augered hole open (i.e. no cave—in of soil below
water table) during the installation of the pipe in the hole. Types
"B" and "C" well points were multiple - section well points enabling
the extraction of water samples at various depths.
Type "B" well points were constructed from several sections
(about 0.6 m in length) of PVC pipe. Consider a well point made up
of three sections (see Fig. 2). For the bottom section, a cap was
placed on the bottom and a PVC disk with two drilled holes to allow the
insertion of polyethlene tubings was cemented into the upper end of
the pipe section. For the middle section, a disk with four drilled holes
was cemented to the upper end of the pipe. A sampling tube and a vent
tube were inserted into the bottom and middle sections, which were
cemented together with the upper section to form one long well point.
The leakage between any two sections was prevented by ensuringa good
PVC cement Seal between the disc and the pipe section wall and making
tight holes for tube insertion. Finally holes 1 cm in diameter were
drilled into the sides of each section for a length of 15 to 20 cm and
then covered by nylon mesh.
Type "C" well points served the same purpose as Type "B"
with the main difference being in their construction. Type "C" well-
points comprised sections or canisters cut to lengths of 50 cm and
capped on both ends. A sampling tubing and a vent tubing were installed
into one end of the canister after the intake perforations in the can—
 
  
ister were madeand covered with the nylon (No. 270) mesh. At the time of
installation, the canister was placed into the augered hole and a 15—20
cm layer of native soil was compacted above and around the canister.
This process was then repeated until 3 or 4 canisters were installed in
the same augered hole.
The installation of all well points was similar. Holes were
augered at predetermined locations to the required depth such that the
contaminated groundwater would be intercepted. Having installed the well
point, the hole was then refilled with the native soil and compacted
around the point. These well points were installed below the ground
surface level as shown in Figure 2 to minimize possible obstruction
and inconvenience to the owners of the testing sites.
2.2 Ground Water Sampling
 
The equipment used in taking ground water samples included
a suction pump connected in series with a sample bottle and the 10-
mm diameter sampling tubing from the well point.‘ A vacuum was pro—
duced in the sample bottle by the suction pump and the ground water
in the well point was drawn up into the bottle.
Before ground water samples were collected from the well
points for laboratory tests, the stagnant water in the well points
was pumped out and discarded. It was not possible to dry out aWell
point (type "A") installed in sand because the supply of ground water
from the surrounding sand was continuous. In this case, the first


















































































































































































































































































































































particles in the ground water sample. The chemical tests and bacter—
iological tests performed on the ground water samples were done ac—
cording to the methods described in the IJC/PLUARG Task C technical
report entitled "Data Collection and Assessment" (1975).
2.3 Sampling of Soils and Septic Tank Effluent
 
Disturbed soil samples were obtained from several augered
holes at each test site and were returned to the laboratory for
physical and chemical tests. The physical tests included particle
size analysis, permeability test and Atterberg limits (ASTM,1970).
The chemical tests on the soil samples consisted of the phosphate
 
 isotherm sorption test and the determination of the amount of acid—
extractable phosphorus for each soil sample. (Zarnett, 1974).
Samples of septic tank effluent were collected with
an automatic sampler on an hourly basis. Usually, a hole was
drilled in the septic tank outlet and a polyethylene tubing inserted
to extract the effluent. The samples were not filtered prior to any
chemical analyses in the laboratory. Sampling of septic tank
effluent and ground water for heavy metal analyses was done using
acid washed plastic bottles containing 20 drops of HNO3 as a



















































































































































































































































of the tile field system. From the tiles, the effluent percolates
downward through the unsaturated soil located beneath the tiles. It is
in this zone of unsaturated soil that usually the principal attenuation
of the bacteriological and chemical pollutants is achieved. When the
effluent reaches the ground water system, it is mixed with the ground
water whichseeps towards the receiving body of water (e.g. a lake) if
the water table slopes in that direction. The concentration of a pollu—
tant in the ground water is generally less than that in the effluent
from the tiles because of: (i) some attenuation of the material in the
unsaturated soil zone, and (ii) dilution in the ground water system and
additional attenuation in the saturated soil below the water table.
3.1 First Method ~ Dilution Factor
 
The first method for calculating the attenuation makes use of
the assumption that for a pollutant which is not attenuated by the soil
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effect of dilution can be determined, the result of attenuation by
the soil of any given pollutant can be calculated.
Referring to Figure 3 (b), the amount of pollutant originating
from the tile field in a given time period is:
Ci‘Qi,
where Ci is the concentration of the pollutant
in the septic tank effluent and Qi is the flow
rate of the effluent fromthe tile field which
is discharged into the ground water.
However, because of the attenuation of the pollutant by soils,
the amount of pollutant going into the contaminated zone * is only equal
to:
a.Ci.Qi,
where a is equal to l for a pollutant not
attenuated by soils and is less than 1 for a
pollutant attenuated bysoils.
The amount of background pollutant seeping into the contaminated
zone is equal to:
CO.QO,
where CO is the background concentration of
the ground water into the contaminated zone.
On the basis of mass balance, in the contaminated zone,
c.(Qi + Q0) =a.Ci.Qi + CO.QO,
where C is the average concentration of the pollutant.
The equation can be rearranged and,
Q
= a.Ci + CO(Q_:>
(39)
l+ Q1
* The contaminated zone in the ground water system may be a large .
region defined by the envelope AA' in Figure 3 or it may be a smaller region.
12
. . . . . Eqn (1)
   lilll______d.
 0 . . . . . .
The term -' 15 defined as the "miXing ratio" Wthh can be
Qi
calculated if the values of a, C, C1 and C0 are kncwn. In practice,
the mixing ratio can be determined by measuring these three concentra—
tions (C, C1 and Co) of chloride for which there is little attenuation
by soils (Bear, 1965; Zarnett, 1976) and the value of "a" can be assumed
equal to 1. After the mixing ratio is determined, the value of "a" in
Eqn (1) can be computed for the pollutant under study, knowing the values
of C, Ci and C0 of the pollutant. The percentage attenuation of the
pollutant by soils is equal to (l — a) x 100.
A number of assumptions are made in the above mathematical
consideration:
(i) Over a long period of time, the movement of pollutants
from the tile field and the movement of background
pollutants into the contaminated ground water zone are
in a steady (constant) state.
(ii) The influence of the ground water table fluctuations
and the input of pollutants from sources other than
the tile field system are insignigicant.
(iii) The mixing ratio obtained from the chloride concen—
trations are applicable to other pollutants (i.e.
chloride and the pollutant being studied are mixed
with the same amount of uncontaminated ground water
from the "up—gradient" side in the contaminated
ground water zone).
(iv) The patterns of the distribution of pollutants in
the contaminated ground water zone are similar (i.e.
the zone which is heavily contaminated by chloride


























































































































































































































































































































































































































































































































































































































































































































































































































depths in the contaminated ground water zone and
analyzing the quality of the water samples taken from
these wells. The deepest wells should be located at
a depth where the ground water is essentially uncon—
taminated by the effluent from the tile field. To
obtain the value of the average concentration, C, an
envelope through which the pollutants are passing is
chosen through a number of well points located on
the down—gradient side of the tile field. On a scale
drawing of the envelope, the well points are plotted
and the values of pollutant concentration are assigned
to their respective points of sampling on the drawing.
Lines of equal concentration (isopleths) are then
plotted on the envelope. The area between two equi—
concentration lines is then measured using a plani—
meter. The area so obtained is multiplied by the
average pollutant concentration for that area. The
same measurement and calculation is repeated for
different areas bounded by other isopleths, and the
sum of these products is thus obtained for the whole
envelope. The average concentration for the envelope
is computed by dividing this sum with the total area.
The concentration of pollutant in the septic tank
effluent:
The concentration is determined by taking effluent
samples and performing chemical tests.
The flow rate of septic tank effluent which can be
measured or obtained from literature.
Together with the concentrations from (ii), it is
possible to calculate the rate of the mass input
of pollutants from the system to the ground water.
i 15
 (iv) The ground water velocity (for second method only):
This can be measured directly in the ground water
zone using tracers. Alternatively, for some soils
(e.g. sand) the velocity can be estimated from the
measured hydraulic gradient at the site and the
laboratory—determined coefficient of permeability
of the soil.
To illustrate the methods discussed above, an example is
provided in Figure 4 (a), (b) and (c). These Figures presentequi—
concentration values (isopleths) for chloride and another pollutant
under investigation. Figure 4(c) contains details of the calculations
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 and soil conditions was undertaken. After analyzing the preliminary
results, a more detailed program was designed and carried out in the
second year with the emphasis on the study of the contamination of the
ground water on the down—gradient side of the private waste disposal
system.
4.1 Site 1
4.1.1 Site and System
This site was located on the south shore of Georgian Bay
approximately 16 km east of Collingwood, Ontario. The soil in the
area consisted of a uniform fine sand (D =0.12 mm, D = 0.25 mm,
10 60
Cu = 2.1*, Field percolation time = 5 seconds per cm) overlying a
limestone bedrock interspersed with layers of shale. The thickness
of the fine sand deposit was at least 4 m as determined by soilborings.
The ground surface sloped gently (about 3%) towards the lake and the
water table was approximately 1.5 m below the ground surface.
The site as depicted in Figure 5, had five buildings (one
house and four cottages) served by three private waste disposal systems.
The cottages were seasonally—occupied-dwellings used primarily during
the summer and fall seasons. The house was a year—round residence
occupied by two adults.
The house and cottages l and 2 (Figure 5) were served by
"disposal system 1" which was constructed in 1959. The disposal system
consisted of a concrete septic tank with a 3410 L (750 gal) capacity.
The tile field had eight rows** of clay tile totalling 86.6m
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TABLE AND WELL POINTS (SITE I)
23
 




































































































































































































































































































































































































































 TABLE 2 WELL POINT ELEVATIONS (SITE 1, 1975)
 
ELEVATION (m)*
WELL GROUND WATER TABLE SET OF PERFORATIONS
POINT‘ SLHQFACE 75—07—22 **
1-1 29.44 28.47 28.07
1-2 29.53 28.57 27.65
2—1 29.54 28.47 28.17
2-2 29.62 28.48 27.74
3-1 29.44 28.47 28.07
3-2 29.36 28.49 27.47
3’3 29.36 28.39 26.62
4-1 29.40 28.62 28.03
4-2 29.36 28.63 27.48
4—3 29.43 28.44 25.92
5—1 29.48 28.47 28.10
5-2 29.32 28.46 27.44
5-3 29.47 28.45 26.73
6-1 29.54 28.50 28.17
6—2 29.58 28.50 27.67
7-1 29.32 28.44 27.95
7-2 29.32 28.45 27.44
8-1 29.37 28.42 27.99
8—2 29.35 28.43 27.46
* Bench mark elevation assumedequal to 30.48 m (100 ft)
** Mid-point elevation of a set of perforations. See







































































































































































































































































































































































































Number of samples for N.
++ Number of samples for C1.
 Alternatively, the combination of the maximum concentration of chloride
and the minimum concentration of the pollutant beingstudied would give
the minimum percentage of attenuation. The average concentrations would
give a percentage value between the highest and the lowest values.
Table 4 is a summary of the calculations. It was felt that the percen—
tage range would provide a better indication of the amount of attenuation
of the pollutants. Since the water supply used bythe household was
ground water and its concentration of chloride was relatively low
(5 mg/L), the concentration of chloride in the septic tank effluent would
probably be close to or below the average value obtainedfrom 10 other
sites (Appendix 1). It was assumed therefore, that the percentage of
attenuation given by the average concentration of chloride would be
more probable than the maximum and minimum values.
Table 5 summarizes the average chemical test results on the
ground water samples obtained from the well points installed in 1975
(sampling dates: June 12, 20, 26; July 22; Aug. 22; Sept. 30; and
Nov. 4). Similarly, the percentage of attenuation of pollutants by
soils was calculated using the 1975 data. In this particular analysis,
the envelope used was defined by the groups of points from 1 to 8
installed in 1975 (Fig. 5). The maximum, minimum and average values
of the concentration of septic tank effluent test data obtained from
the 10 other sites were used for the calculations. Table 6 summarizes
the results of the percentages of attenuation for various pollutants.
4.1.3.2 Ground Water Velocity
 
Adjacent to site 1, there was an empty lot underlain by the
same sand deposit as at site 1. This area was used to measure the


















































WELL TOTAL TOTALw CHLORIDE
POINT AMMONIA KJELDAHL NITRITE NITRATE NITROGEN TOTAL SOLUBLE (as Cl)
~N_. ._.s....,.._..._.._——...—b._—_.._...._—~. ....... -.._~_.—_ ..._.—___..4- ....._ “WW—.m—
 
< 0.01 0.41 0.02 4.36 4.79 [6]** 0.45 0.34 [7]+ 6 [7]++

















< 0.01 0.58 0.03 17.80 18.41 [6] 1.55 1.36 [7] 13 [7]
0.14 0.41 0.03 0.14 0.58 [6] 0.03 <0.01 [7] 9 [7]
< 0.01 0.44 0.03 18.30 18.77 [6] 2.43 1.80 [7] 17 [7]





















0.33 0.74 0.22 3.20 4.16 [6] 1.08 1.00 [7] [7]
0.65 0.98 0.07 3.78 4.83 [6] 0.69 0.58 [7] [7]
0.01 0.38 0.02 14.40 14.80 [6] 1.17 0.81 [7] [7]
0.01 0.41 0.11 2.20 2.72 [6] 0.37 0.03 [7] [7]
0.01 0.32 0.01 2.20 2.53 [6] 0.02 0.02 [7] [7]















































































All concentrations in mg/L.
* Total Nitrogen = Total Kjeldahl + Nitrite + Nitrate. ** Number of samples for N.
+ Number of samples for P.
++ Number of samples for C1.





TABLE 5 (Cont'd) AVERAGE CHEMICAL DATA ON GROUNDWATER SAMPLES (SITE 1, 1975)
_—~.—_~—~.______ ..__..—....«~—~.—~— ._ w“... .‘w ...,—<
WELL SODIUM POTASSIUM CALCIUM MAGNESIUN SULPHATE IRON TOTAL ORGANIC














88 13 42 0.17





80 4 30 0.08
1 81 9 22 0.10
89 9 26 0.10
6 86 10 47 0.30
104 10 47 0.10
9 98 10 39 0.23
102 10 44 0.17
2 102 10 46 0.52














































































































































































NOTE: All concentrations in mg/L,
pH varied from 7.4 to 8.3
V
Alkalinity (as CaC03) varied from 43 to 228 mg/L.
Conductivity varied from 120 to 240 umhos/cm.
[ ] Number of samples.
 







Phosphorus O 25 77
Nitrogen 0 0 71
Sulphate O 0 0
Sodium 25 77 92
Potassium 0 O 65
Magnesium O O 59
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i) the soils at depths of 0.61 m to 0.76 m (2 to 2.5 ft) in the










































ii) The soil at greater depths had smaller amounts of extractable P
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amount may be considered as the P on the uncontaminated soil part—
icles. Inside the tile field, at a depth of 0.61 m — 0.76 m,
the amount of extractable P was 0.275 mg/g, which was slightly
above the P on the uncontaminated soil. The amount of P in the
septic tank effluent which had been sorbed by the soil below the
tile field was very small, considering the age (15 years as in
1974) of the system. The small amount of P which the soil could
sorb is supported by the relatively high concentration of P (as
high as 4.57 mg/L, Table 5) in the ground water on the down—
gradient side of the tile field.
4.1.4 Discussion of Results
At the time of the investigation, it was found that the soil
beneath and adjacent to the tile had sufficient infiltrative capacity
for the septic tank effluent because the sandy soil was very permeable
and the percolation time of the sand was less than 1 min/cm. No
ponding of the septic tank effluent in the tile field area was ever
observed during the time of the field studies.
The data in Tables 4 and 6 suggest a large variation in the
percentage of attenuation of pollutants by the sand soil and the
attenuation percentage values would probably be small. At some well
points, notably 2, 3 and 4, the concentrations of nitrate and phospho—
rus were veryhigh. This was probably the result of pollution from
"systems 1 and 2". The low attenuation of pollutants by the soil
could be attributed to two factors:
(i) the sand at the site contained less than 5% silt—sized
particles and no clay minerals and;
(ii) the systems were relag§vely old and the small capacity of the
 
 sand in attenuating pollutants might have been exhausted.


















At this site, the contamination of the ground water extended
to a depth of 1.2 m.to 1.5 m below the ground water table.
Referring to the bacteriological results in Table 8, the
coliform counts in well points 1 to 5 (about 20 m from system 1)
were very low indicating minimal bacteriological contamination from
the system. Points 6, 8, 11 and 15 occasionally showed higher counts
of Fecal Coliforms (FC) and total coliforms (TC) which could be the
result of slight contamination from "systems 1 and 2". In Table 9, the
total coliform counts on June 12 were higher than those obtained on
other sampling dates which was probably the result of infiltration
of surface runoff to the ground water system. In general, the bacteria
counts in the well points were low, which would suggest that the
bacteriological contamination from the tile field system was not
significant.
At a distance of about 17 m from "system 1" and 8 m from
"systems 2 and 3", the chemical quality of the ground water did not meet
the permissible criteria of nitrate and phosphorus as specified in
the Ontario Ministry of the Environment criteria for public surface
water supplies (see criteria in Appendix 2). However, the ground
water would meet the microbiological criteria set by the Ministry.
39
  








































































































































































































































































































































































































































































































































































* FC Fecal Coliforms
* FS = Fecal Streptococci
TC Total Coliforms
Organisms per 100 ml water
 
 TABLE 9 (Cont'd)
BACTERIOLOGICAL D
ATA ON GROUNDWATE


































































































































































































































































































Organisms per 100 ml water
*
FS Fecal Streptococci

































by metals from the septic tank.
4.2 Site 2












































































































































































































































































































































































































 TABLE 10 CONCEN
TRATION OF METALS
IN GROUNDWATER SA
MPLES TAKEN ON OC






















































































































































































































































































































































































































































































































II = LOCATIONS OF WELL POINTS AND LAYOUT OF SYSTEM (SITE 2)






















































































































































































































six separate occasions in 1975 and 1976 (June 26, July 8 and 14,
Sept 9 and 30, in 1975 and Oct. 26, 1976).
4.2.3 Experimental Results and Analysis
4.2.3.1 Percentage Attenuation of Pollutants
The average chemical test results on the ground water samples
obtained during June and July of 1975 are summarized in Table 12.
The average chemical test data for the period from July 1975 to Oct-
ober 1976 are presented in Table 13.
The methods as discussed previously (Sections 3.1 & 3.2)
were used to compute the percentage of attenuation for a number of
pollutants.
The envelope used was approximately parallel to the
tiles and passed through well points 1 to 11 (Figure 11). In the
attenuation analysis, the concentrations of the pollutants in the
septic tank effluent were required; however, the information for
this site was unavailable because permission to take samples from
 
the septic tank could not be obtained.
Therefore, the average
septic tank effluent data obtained from 10 other sites (see Appendix
1) were used in the calculations.
As in the case of site 1 because
of the uncertainty in the applicability of these septic tank ef—
fluent data to this site, the average, minimum and maximum concen-
trations of the pollutants in the data set were used in the analysis
by the first method.




the seepage velocity of ground water was equal to




























































































































































































































































































































































































































































AVERAGE CHEMICAL DATA ON GROUNDWATER SAMPLES
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than 5 m from the edge of the tile field (see Table 15).






















(i) The concentration of phosphorus in the ground water on
the down—gradient side was very low in comparison with
the concentration of phosphorus in the septic tank
effluent.
(ii) nitrogen in the grOund water was mainly present in the
form of nitrate. With the exceptions of points 1 and
20, the concentration of nitrate in the other well points
did not exceed 10 mg/L.
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POINT May 28 June 5 June 12 June 20 July 8










































10 <10 <10 < 10
10 <10 <1,000 <100
10 <10 <10 < 10
10 <10 <l,000 < 10
10 <10 <10 < 10
100 — <l,000 < 10
10 <10 <10 <100
10 <10 <10 < 10
10 <10 <10 10
















































































June 5 June 12 June 20 July 8
—
— <10 <10 < 10
—
— <10 <l,000 <100
-























































(iii) the contamination from the tile field to the ground water I
was mainly limited to a depth of about 1.5 m (5 ft) below
the water table.
(iv) the concentration of calcium in the ground water wasquite
high which was presumably due to the site being located in
a limestone bedrock area. The input of calcium from the
tile field would not be significant in the degradation of
the quality of the ground water because the calcium con-
centrations in the septic tank effluent and in the ground
water were similar.
At the time of the field investigation, no ponding of septic
tank effluent was observed above the tile trenches. This was pro—
bably attributed to (a) the hydraulic loading rate in the tile field
was quite low [9.8 L/mz/d (0.2 gal/sq.ft/day)]; and (b) the relatively
high infiltrative capacity of the sandy soil. 1
With regard to the quality of the ground water on the down—
gradient side of the tile field, the ground water met the water
quality criteria for public surface water supplies, with the exception
that at certain localized zones the concentration of nitrate exceeded
the allowable 10 mg/L limit.
It is concluded that the tile field system at site 2 was
operating quite satisfactorily at the time of the field investigation.
56
 4.3 Site 3
4.3.1 Site and System
 
Situated on the north shore of Bass Lake and approximately
8 km from Orillia, this site was in an area densely populated with
year round and seasonal residences.
The site was underlain by a 3 m thick layer of fine sand
3
= 0.08 mm, D = 0.17 mm, cu = 2.1, permeability = 7 x 10'
(D10 60
cm/sec) covered by about 15 cm of organic top soil. Below the fine
sand there was a layer of relatively impermeable clayey silt, the thick-
ness of which was not determined in the field investigation. The
topography of the ground at the site was flat, with a very gentle
slope towards Bass Lake which was 12 m from the tile field. The
water table fluctuated over the period of study from 1 to 1.5 m
below the ground surface and the ground water flow was towards the
 
lake.
The private waste disposal system on the site (Figure 13)
was constructed in 1964 and served two adults living year round in
a two—bedroom house. The septic tank had a capacity of 3410 L (750
gal) and was attachedto 73 m of clay tiles arranged in four rows.
The spacing between the tiles was 1.2 m and the depth of the tiles
was 0.25 m below the ground surface.
4.3.2 Instrumentation and Monitoring
In June of 1975 ground water well points Were installed in
and around the tile field area (Figure 13). These points varied from
2.5 to 5 cm in diameter and from 1.2 to 3 m in length. In July of
 



















































































































































































































































































































































































































obtained from the septic tank.






































































































































































































































































































   

























































































































































































































































































































WELL GROUND WATER TABLE SET OF PERFORATIONS
POINT SURFACE 76—094m LEVEL 1—uLEVEL 2 LEVEL-3
A 30.46 29.56 28.39
B 30.41 29.55 28.17
C 30.33 29.54 28.25
D 30.26 29.48 29.20 28.25 27.79
E 30.17 29.47 29.27 28.36 27.92
F 30.11 29.42 28.35 27.51
G 29.82 29.33 28.96 28.46 27.84
H 30.06 29.54 28.84 28.47 28.00
I 30.22 29.36 28.60 27.42
J 30.38 29.69 28.97 28.47




TABLE 17 AVERAGE CHEMICAL DATA ON SEPTIC TANK EFFLUENT
SAMPLES (SITE 3)
 









Chloride (as C1) 78 4
Sodium (as Na) 68
Potassium (as K) 25 E
Magnesium (as Mg) 20 §
Iron (as Fe) 0.51 i
Calcium (as Ca) 75
Sulphate (as 504) 32
Hardness (as CaCO3) 270
Alkalinity (as CaC03) 433
Total Carbon 204
Total Organic Carbon 93
Conductivity varied from 800 to 1150 umhos/cm and pH












Number of samples = 9.
62
 
 TABLE 18 CONCENTRATION OF METALS IN SEPTIC


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.3.4 Discussion of Results
 


































phosphorus was 22.2 mg per 100 g of air—dried soil.
The attenuation of nitrogen was also very high (27 to 87
Z); however, the average attenuation of sodium, iron, potassium,
magnesium and sulphate was low ( O to 73%). The concentration of
calcium in the ground water in the tile field area was similar to
that in the septic tank effluent and therefore, the input of calcium
from the effluent had little significance on the concentration of
calcium in the ground water.
The concentration of chloride in the ground water on the

























































































































































WELL SODIUM POTASSIUM CAICIUM MAGNESIUM SULPHATE IRON TOTAI ORGANIC

















13 53 85 7 24 0.05 6
14 27
88 4 28 0.05 7
15 37 21.0 131 15 80 < 0.05 18
16 28 98 10 35 0.05 14
17 13
~ - 23 0.10 13
19 11
72 6 17 < 0.05 6
20 2















75 11 28 0.05 17
24 25
99 17 24 < 0.05 6
25 22









66 18 22 0.05 2
28 17


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Envelope defined by well points 11, 14, 15, 16, 20 and 22.




















1 9 7 5














































































































































































































































































































































































































































































































































_ _ _ - _ _ _ _ <100 <10
  




Organisms per 100 ml water
Well
1 9 7 6





June 20 July 15 July 21



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































occasionally quite high, which would suggest some degree of bacter—
iological contamination from the tile field system.
From the chemical test results (Tables 19 & 20), it was
observed that the distribution of the septic tank effluent in the
tile field was not uniform. The flow appeared to be concentrated
in the row of tiles closest to the fence (see results of well points
5, 8, D, F and G in Tables 19 & 20). The non—uniform flow could be
the result of the differences in the slopes of the distribution tiles.
Also the test data suggested that on the down-gradient side of the tile
field, the pollutants were mixed with the ground water to a depth
of approximately 2 m below the water table.
At the time of the field investigation (1975 and 1976),
surface pending was not observed in the tile field area and the owner
reported no difficulties in the use of the syStem at any time.
' At a distance of about 9 m (well points 23 to 28) from the
tile field on the down—gradient side (Figure 13), the chemical
quality of the ground water complied with the water quality criteria
for public surface water supplies (Appendix 2). However, with regard
to the microbiological criteria, the ground water at the same dis-





4.4.1 Site and System
 
This site was located on the west shore of Lake Simcoe
approximately 60 km north of Toronto, Ontario. The area had a high
density of seasonal (summer) homes mostly located along the lake
shore.
There were two different waste disposal systems on the
site. "System 1" (Figure 14) was constructed in 1958 and consisted
of a 2730 L (600 gal) septic tank connected to a tile field with
four rows of clay tiles totalling 88 m (288 ft) in length. This
system received the discharge from the washroom facilities. Kitchen
sink and laundry room discharges were received by "system 2" con-
structed in 1970. This waste disposal system consisted of a cess—
pool connected to two rows of clay tiles totalling 15 m (52 ft) in
length. The tiles were located 0.5 m (1.5 ft) below the ground
surface.
The private waste disposal systems were used by two adults
and one child who occupied the summer home from June to September.
Subsurface soil investigations revealed the presence of
three soil layers in the tile field area. The upper layer consisted
of a sandy organic soil to a depth of approximately 0.3 m (1 ft).
The next layer consisted of a silty sand to a sandy silt (D10 = 0.021
mm, = 0.25 mm, and Cu = 11.9) of approximately 3 m (9.5 ft) in
D60











































































































   




The site was flat and sloped very gently towards lake Simcoe.
The water table was located at a depth of approximately 1.5 m (5 ft)
and the flow was towards the lake in a northerly direction.
4.4.2 Instrumentation and Monitoring
In July and August of 1975, ground water well points were
installed adjacent to the tile field "system 1 and 2". These sampling
points were similar to the Type "A" well points. On the PVC pipe,
1 to 3 sets of small holes (each set covering about 20 cm in length)
were drilled and then covered with a piece of No. 270 nylon mesh.
The pipe was closed at the bottom to prevent the loose soil in the
augered hole from entering.
This particular type of well point was designed and used
to intercept ground water at several elevations below the water table.
The well point elevations are given in Table 23.
In 1976, samples were taken from the septic tank outlet
for six days between August 15 and August 23. An automatic sampler
was used to take the samples on an hourly basis. Seven composite
samples were obtained by mixing the hourly samples and then submitted for
chemical tests. Analysis results on these composite samples are
tabulated in Table 24. Also, samples from one day were tested for
the concentrations of metals and the results are summarized in Table
25.
4.4.3 Experimental Results and Analysis
 
Ground water samples were collected from the well points
on August 1, 12, 20; Sept. 11, 29; Oct. 15 and Nov. 19 in 1975 for
 
   












































2 30.66 — 29.91 29.11
3 30.63 28.98 28.87 28.78
4 30.70 29.00 28.80 28.39









7 30.41 28.94 28.51
8 30.38 28.93 28.42
9 30.35 28.90 28.57 28.34
10-1 30.32 28.92 28.44
10—2 30.32 28.92 27.25
11—1 30.33 28.91 28.91
11—2 30.33 28.91 28.43
12 30.34 28.90 28.95 28.36
13 30.28 28.91 28.86 28.43
14 30.31 28.99 28.22 28.56 28.22
15 30.27 — 28.78 28.45 28.11
16 30.28 28.86 28.53 28.20 27.86
17 30.25 28.88 28.50 28.17 27.83
18 30.23 28.88 28.53 28.20 27.87
9:
Bench mark elevation assumed equal to 30.48 m (100 ft).
This well point having more than one set of perforations
was similar to type"A"well point.
mixed water samples (average concentration) entering the
pipe at different depths.
80









TABLE 24 AVERAGE CHEMICAL DATA ON SEPTIC TANK EFFLUENT
SAMPLES (SITE 4)
 





























































Hardness (as CaC03) 187
Alkalinity (as CaCO3) 687
Total Carbon 253
Total Organic Carbon 101
Conductivity varied from 1600 to 1850 Umhos/cm and
pH varied from 7.6 to 7.8.
Sampling Dates: Aug. 16, 17, 19, 20, 21, 22, 23 in 1976.

































 the tests on chemical and bacteriological pollutants. The aver-
age chemical test results are presented in Table 26 and the
bacteriological data in Table 27.
The percentage of attenuation of chemical pollutants
by the soil beneath and adjacent to "system 1" was calculated
using the two methods described previously (sect. 3.1 & 3.2).
The envelope used to compute the average pollutant concentrat-
ions was defined by well points 9 to 13 (Figure 14) and the
ground water velocity as measured by the tracers at the site
(4.6 cm/s) was used in the calculations employing the second
method. The percentage of pollutant attenuation computed by
both methods are summarized in Table 28.
The ground water velocity was measured at the site by
using a solution of two tracers: NaCl and fluorescein. The
technique used was the same as that used on the lot adjacent
to site 1 (sect. 4.1.3.2). The area on the north side of the
patio (Figure 14) was used for the study and two injection well
points and six intercepting well points were installed below
the water table. The arrangement of these well points and the
test results are presented in Figure 15.
The ground water velocity, as measured by the movement
of the tracers, was compared with the calculated velocity from
the laboratory—determined permeability and the on—site hydraulic
gradient of the ground water table. It was found that the
permeability of the sandy silt was equal to 2.4 x 10—3 cm/s


















































































































































































































































































































































































































































































































































































































































































from 190 to 590 m
g/L CaCO






































































































































































































































































































































































































































































































































































































































































velocity was equal to 5.2 cm/d (0.17 ft/day) which was com-
parable to the measured ground water velocity of 4.6 cm/d
(0.15 ft/day).
4.4.4 Discussion of Results
It is shown in Table 28 that the attenuation of phos-
phorus by the soils was very high (99%). The ability of the
sub—soil to attenuate phosphorus was supported by the laborat-
ory phosphorus sorption isotherm tests, which indicated that
the soil had a maximum capacity of sorbing 9.5 mg of phosphorus
per 100 g of air-dried soil. (Note: the soil sample was obtain-
ed near the tile field area and therefore it might have sorbed
some phosphorus from the septic tank effluent. For a soil with-
out previous history of phosphorus sorption the laboratory
maximum sorption capacity would probably be larger). It is
also interesting to note that the capacity of phosphorus sorpt-
ion of the soil as determined by the laboratory tests increased
with distance from "system 1". Three soil samples were obtain-
ed at different distances from the edge of "system 1" on the
down-gradient side of the system (refer to Figure 14 for locat-
ions of soil sampling). The maximum soil capacity for phosphorus
was determined for these soil samples (1.8 mg per 100 g of soil
for sample A, 2.9 for sample B, 6.5 for sample C) and suggest—
ed that the soil closer to the tile field had already sorbed a
larger amount of phosphorus. Therefore, the remaining sorption
capacity for phosphorus was smaller.
The nitrogen attenuation of the soil at site 4 was
























































































































































































































































































































































































Simcoe from the tile field appeared unlikely.
4.5 Site 5




































































































 The waste disposal system, constructed in 1974, con—
sisted of a 2730 L (600 gal) septic tank and a tile field
having five rows of clay tiles
totalling 56.1 m (184 ft)
in
length.
The tiles were located about 0.3 m below the tile
field surface. Figure 16 shows the configuration of the
system.
The tile field, laid in a raised sand filter bed
situated on a granite outcrop, was approximately 7 m about the
septic tank outlet and as a result the septic tank effluent
had to be pumped up to the distribution box (a concrete box
with pipe outlet for flow distribution)
through a polyethylene
feed line.
The raised sand bed (average thickness of 1.5 m) was
constructed with a medium sand (D10 = 0.13 mm, D60 = 0.36 mm,










with soils covering the lower areas of the bedrock.
The thick-
est soil mantle, which was a mixture
of sand and organic soil,
was found in the depressed area on the west side of the distrib-
ution box feed line (Figure 16).
The private waste disposal system served a three-
 




In order to decide judiciously on the locations of
the water sampling points,
a topographical map of the bedrock
3
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FIGURE I6 = LOCATIONS OF WELL POINTS LAYOUT OF SYSTEM AND THE CONTOURS OF
THE BEDROCK (SITE 5)
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presented in Figure 16. On the basis of the bedrock contour
map and information obtained in the field by probing the soil
mantle, it was decided to put more well points in the area on
the west side of the distribution box feed line (i.e. area with
thicker soil mantle). It was anticipated that a large portion
of the waste water draining from the raised bed would pass through
these sampling points. Two groups of points were installed at
this location: the “M” group (M l, M 2, etc.) were installed in
August 1975 and the "L" group (L l to L 5) were added later on in
October 1976 to study in more detail this toe area of the raised
bed. In addition, the "S" and "C" groups were installed in 1975
adjacent to the south—west and the north-west sides respectively
of the raised bed. Two troughs (T l and T 2) were built on the
top of the granite outcrops; T l was used to collect leachate
from the raised bed flowing on the rock surface and T 2 was used
to collect run—off on the outcrop.
The well points were constructed using a plastic per—
forated cylinder (7.6 cm in diameter and 25 cm in length) covered
with a piece of No. 270 mesh screen. The cylinder was installed
in a hole which was augered or dug to the surface of the under—
lying rock. A 6 mm diameter tubing was used to connect the
cylinder to the ground surface for future sampling. The hole was
then backfilled with the natural soil.
The troughs, actually V—shapedams, were constructed by
cementing both long ends of a polyethylene sheet to the bare rock
surface and placing sand beneath the plastic sheet. A 2.5
pipe was installed at the bottom of the trough to permit
  
 a continuous flow and to facilitate the taking of water
samples.



























































































































































































































































































































































































































































































































































































samples” were obtained from the distribution box.
4.5.3 Egperimental Results and Analysis
The test results on the septic tank effluent samples
are presented in Table 29. Table 30 summarizes the average
test results of the ground water samples.
The percentage attenuation of a pollutant by the sand
at this site was calculated using a different method than those
discussed previously. The technique used here is described
briefly as follows. First, it was assumed that the attenuation
of chloride by the sand in the raised bed was practically zero
and therefore, the decrease in concentration of chloride in the
ground water was assumed to be the result of dilution. Further-
more, it was assumed that the background concentration of pol-
lutants in the ground water was close to zero before the septic
tank effluent was percolating through the soil. By comparing
the concentration of chloride in the distribution box and the
concentration at the ground water sampling points, the dilution




















































Chloride (as Cl) 49.1
Sodium (as Na) 52.9
Potassium (as K) 16.2
Magnesium (as Mg) 4.6
Iron (as Fe) 1.6
























Total Organic Carbon 83
 
Conductivity varied from 620 to 820 Umhos/cm and
pH varied from 6.8 to 8.0.
Sampling Dates:
Oct. 15, Nov. 5, 18 in 1975; May 28, July 20,
22, 23, 24, Aug. 23, Sept. 9, Oct 18 in 1976.


























































































































































































































































Sampling Dates: Aug. 27, Oct. 6, 15; Nov. 5, 18; and Dec. 10 in 1975.
Mar. 26, May 28, Oct. 18, Nov. 8 and 30 in 1976.






















































































































































































































































































































































































































































































































































































































































































































































































































































































































some indications of the degree of the pollutant attenuation by
the soil.





























































































































































































































































































343 was located in an area mantled with organic
;
soil.
The increase in the concentration of some of the pole
lutants at this point in comparison with that at point
B42
was
probably due to the local pollution by the organic soil
 
near point
‘43 and not due to the septic tank system.
The bacteriological data as presented in Table 32 in—
dicate high levels of total coliforms and to a certain extent










organic nature of the soil mantle at these well points might
play a role in this condition.








































































































(Fecal Coliforms) Organisms per 100 ml water
 
WELL 1 9 7 5 l 9 7 6
POINT Oct.7 Oct.15 Nov. 5 Nov. 18 Dec.10 Max 25 Oct.l8 Nov‘ 8
M1 100 < 10 < 10 < 10 <100 — - < 10
M2 <100 — < 10 < 10 < 10 — — —
M3 <100 <100 <l,000 <100 <100 <100 <10 200
M4 <100 < 10 <100 < 10 — <100 <10 < 10
M5 390 < 10 10 < 10 — < 10 - 100
M6 < 10 < 10 4O 50 - < 10 < 4 <100
M7 60 <100 < 10 130 — < 10 <10 < 10
S2 < 10 < 10 < 10 < 10 < 10 — — —
Ll — — — — - — <10 100
L2 — — — — - - <10 20
L3 — — — — — - <10 10
L4 — — — ~ — — <10 <100
L5 — — — — — — <10 5,100
WT* V <100 < 4 < 4
* WT = Weeping tiles around the basement of the house.
Total Coliforms
WELL
1 9 7 5






















































































































































































































































































































north of Toronto. The area was predominantly rolling hills .
and farm lands. Because the site was located in a sub—division
there were otherprivate waste disposal systems located in
the vicinity of the system under study. Therefore, it was POSSible
in this project to study the performance of a system surround-
ed by many other private waste disposal systems. The sub-soil
stratigraphy on the site consisted of about 15 cm of top soil
overlying a strata of clayey silt, which had the following
properties: 29 to 50% clay, 46 to 58% silt and 4 to 13% sand,
liquid limit equal to 39 and plastic limit equal to 19. There
was a decrease in the clay content (increase in silt content)
in the soil with increasing depth.
The water table fluctuated from 0.3 to 1.5 m below
the ground surface and the ground water flowed to the southeast
and northeast.
The private waste disposal system was constructed in
1969 and consisted of a 3640 L septic tank connected to 122 m
of clay tiles set in a fishbone pattern (Figure 17). The depth
of the tiles was 0.3m below the ground surface. The system
served two adults and two children living in a three-bedroom
house.
4.6.2 Instrumentation and‘ionitoring
During August of 1975, well points were installed
around and in close proximity to the tile field.
These ground
 


























































-- — —— SEPTIC TANK AND TILE FIELD SCALE SYSTEM
METRES


















 1976, more well points were installed around the tile field
to study in more detail the contamination of the ground
water. Type "B" and type "C" well points were used in order
to save time in installation. The well point elevations
are summarized in Table 33.
Prior to the regular ground water sampling programme,
the ground water in the well points was pumped out several
times to clean the PVC pipes. ’3round water samples were taken
on five occasions (Sept. 22, Oct. 25 and Dec. 1 in 1976;
May 4 and July 12 in 1977) and tested for both chemical and
bacteriological parameters.
In June of 1976, samples of septic tank effluent
were taken for a period of six days. These samples were extract-
ed from the septic tank outlet by means of an electrically driv-
en automatic hourly sampler and 6 mm tubing inserted into the
outlet pipe of the septic tank. The composite samples were
obtained by proportionately combining all hourly samples and






The average chemical test results in 1976 are summariz—
ed in Table 34 and the results of septic tank effluent are

























WELL GROUND WATER TABLE SET OF PERFOPATIONS
POINT SURFACE 7%{5—04 LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
1 30.07 28.57 28.12
2 30.15 28.92 28.96 28.10
3 30.10 28.81 29.21 29.01 27.67
4 29.98 28.75 28.07 27.46 27.01 J
5 30.04 29.25 27.68 '
6 29.82 29.29 28.15 i
7 29.89 29.13 28.82 27.93 I
8 29.97 29.31 27.64 I
9 29.94 29.32 27.71 Q
10 29.95 29.37 27.65 !
11 30.06 29.53 28.40
12 30.21 29.68 28.44
13 30.10 29.44 27.73
14 29.65 29.14 28.86 28.38 27.93 27.47
15 29.69 28.91 28.70 28.24 27.79 27.33
16 29.65 29.04 28.30 27.85 27.39 26.93
17 29.67 28.86 28.70 28.24 27.79 27.33
18 29.62 28.73 28.12 27.66 27.21 26.75
* Bench mark elevation assumed equal to 30.48 m (100 ft).
106





















































































































































































































































































































































































 TABLE 34 (ConL'd
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.Conductivity varied from 820 to 1330
umhos/cm.
Sampling Dates: Sept. 22, Oct. 25 and Dec. 1 in 1976. Number of samples = 3.
-—---—~1
















Chloride (as C1) 124
Sodium (as Na) 172
Potassium (as K) 21
Magnesium (as Mg) 26
Iron (as Fe) 1.2'
Calcium (as Ca) 48
Sulphate (as $04) 37
Hardness (as CaCO3) 228
Alkalinity (as CaCO3) - 599
Total Carbon 243
Total Organic Carbon 100
 
Conductivity varied from 1480 to 1600 umhos/cm and












Number of samples = 6.
111
   
ground water system. At this site, the chloride concentration
in the ground water was quite high, and in some locations, the
concentration was almost as high as that in the septic tank
effluent. Because of the slow ground water velocity in the
clayey soil and the high concentration of chloride in the
ground water, the mixing ratio would probably be close to zero.
However, in the actual calculations of the percentage, the value
of the mixing ratio was conservatively assumed to be one. The
overall percentage of attenuation was obtained by averaging the
results of individual well points. In order to get a better idea
of the pollutant attenuation the calculations were performed
using (i) the average data obtained in 1976; (ii) the data obtain—
ed on October 25, 1976; and (iii) the data obtained on May 4 and
July 12 of 1977. The results are presented in Table 36.
4.6.4 Discussion of Results
 
The concentration of phosphorus (P) in the ground water
on the down-gradient side of the tile field was generally very
low, suggesting a largesorption of P by the soil. However, the
concentration of P at well point 6 (Fig. 17) was much higher than
the concentration in the other well points because well point 6
was located very close to the tile trench.
The concentration
of ammonia or nitrate was relatively high at the points located
in the tile field e.g. points 6 and 13.
For the points in the
vicinity of the tile field, on the down—gradient side, the














































Sulphate O 2 - _
Magnesium 7 7 _ _








In some locations, the concentrations of chloride, sodium
calcium, magnesium and sulphate in the ground water were very
high (see Table 34) and these high values probably occurred
naturally because of existing hydrogeological conditions at
the site and/or the proximity of neighbouring disposal systems.
The concentration of total organic carbon in the ground water
was also very high and was probably due to the natural soil
conditions.
The chemical test data indicated that the contamina—
tion of ground water extended to a depth of about 2 m below the
water table. For ammonia and nitrate, the main contaminated
zone was located just beneath the water table; however, for
other pollutants (with the exception of phosphorus), no distinct
pattern in the distribution of the pollutants was observed.
Bacteriological test data are presented in Table 37.
On the first day of ground water sampling the coliform counts
were quite high, which was probably the result of contamination
introduced by augering the holes and installing the well points.
Subsequently, the coliform counts in most of the well points
became lower. Generally, the well points located close to the
tile field (points 3 to 6 and 18) had high coliform counts;
however, points 7 to 10 had lower levels of coliform counts,
probably due to the relatively smaller quantity of flow of
septic tank effluent to that part of the tile field. The conta-
mination in well points 12 and 14 was probably from the neigh-
bouring systems on the south side of the property line. Well points
































































































































































































































































































FS = Fecal Streptococci
  
  
suggesting minimal contamination from the system to these
well points. At this site, the interpretation of the test
data was rather difficult because of the combined influence
of the neighbouring systems. On the basis of the limited
bacteriological data, it appears that, if points are not
located too close to the disposal systems (points 1, 15, 16
& 17), the bacteriological contamination from the tile field
system would be insignificant.
Generally, no difficulties were experienced by the
users of the septic tank—tile field system and no surface
ponding of septic tank effluent was ever observed in the tile
field area during the investigations in 1976 and 1977.
4.7 Site 7
4.7.1 Site and System
Site 7 was located approximately 2 km north of‘Iilton,
in an area primarily consisting of cornfields and pastures.
The soil stratigraphy, on the site, consisted of a
thin layer of top soil overlying 2 m of clayey silt and traces
of sand and fine gravel and underlain by a layer of densely
packed silt and gravel. The silt and gravel layer was so compact
that it was not possible to penetrate it with a power auger.
The clayey silt soil was composed of 18 to 25% clay, 52% silt,
21 to 25% sand and 2 to 5% fine gravel. The liquid limit was
30 and the plastic limit was 19.
116
 
 The topography of the site was quite flat with a very _H
gentle dip in the westerly direction. The water table was
located at a depth of about 0.2 m below the ground surface at
a distance of 3 m from the tile field area. The effluent from
the septic tank was ponded on the ground surface in some areas
above the tile field.
The septic tank and tile field system was constructed
in 1967 and served two adults and three children. The system
g
consisted of a 3410 L septic tank connected to five rows of clay
tiles totalling 61 m in length (Figure 18). The depth of the
tiles was 0.25 m. The direction of the ground water flow wasmainly
in the west direction.
4.7.2 Instrumentation and Monitoring
Well points of types "B" and "C" (Fig. 2) were installed
at various locations around the tile field area and the elevations
of these well points are contained in Table 38.
Ground water samples for chemical and bacteriological
analyses were taken from these points on three separate occasions
(September 20, October 21, November 15 in 1976) before a new and
larger tile field was constructed to replace the old tile field
which was frequently ponded with septic tank effluent.
In August of 1976, samples were taken from the septic
tank outlet for seven days. An automatic sampler was used to
117
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WELL GROUND WATER TABLE SET OF PERFORATIONS
POINT SURFACE 7640—21 LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4 E
1 29.75 29.52 29.47 29.01 28.56 28.10
2 29.71 29.47 29.38 28.92 28.47 28.01 1
3 29.69 29.46 29.42 28.97 28.51 28.05 1
4 29.65 29.52 29.41 28.95 28.50 28.04 i
' 5 29.61 29.48 29.35 28.90 28.44 27.98 ‘
6 29.65 — 29.36 28.91 28.45 27.99
7 29.64 29.18 28.24
8 29.84 29.19 28.36
9 29.71 29.46 28.82 28.20
10 29.70 29.30 28.57 27.88
11 29.69 28.90 28.79 28.16
12 29.75 28.95 29.22 28.80
* Bench mark elevation assumed equal to 30.48 m (100 ft).
119
   
  
take the samples on an hourly basis.
These samples were then
mixed and submitted for analyses as composite samples.
Also,



































































































































































































































































































































































































































































































































































































































































































































111 15 33 0.38 25
161 26 63 0.06 26
134 19 72 0.80 22
128 19 63 0.31 19
126 15 70 0.24 19
116 18 64 0.28 23
175 32 92 0.07 18
156 27 71 0.14 14






179 30 33 0.17 14
171 30 31 0.20 33
153 22 40 0.08 14
126 15 47 0.25 17
153 17 52 0.05 23
148 20 78 0.32 17
158 16 94 0.30 11







102 20 30 0.62 17























































































































































































































































































Alkalinity varied from 133 to 600 mg/I.(as CaCO3)
pH varied from 6.9 to 8.0

















TABLE 40 AVERAGE CHEMICAL TEST DATA ON SEPTIC TANK
EFFLUENT SAMPLES (SITE 7)
 
















Chloride (as Cl) 322*
Sodium (as Na) 241*
Potassium (as K) 17







Calcium (as Ca) 74
Sulphate (as 804) 45
Hardness (as CaCO3) 368
Alkalinity (as CaCO3) 541
Total Carbon 199
Total Organic Carbon 75
Conductivity varied from 1750 to 2500 umhos/cm and
pH varied from 7.2 to 7.7.
* Water softener backwash (NaCl regeneration) was
discharged into the septic tank.
Sampling Dates: July 12, 13, 14, 15, 16, 17, 18 in 1976.




CONCENTRATION OF METALS IN SEPTIC




























3 Sept. 21 Oct. 22 Oct. 22 Nov. 15
f R = 1* R = 0 R = 1 R = 1
Phosphorus 87 89 79 92
I Nitrogen 76 79 60 65
E
‘ Sodium — — - —
Potassium 32 71 48 60
; Sulphate O O ‘0 O
1‘
Magnesium 40 40 20 38 ?
1
Iron 0 21 O O
* R denotes assumed mixing ratio (see Section 3.1)
125
 4.7.4 Discussion of Results
 




















































































































































high (80%—9OZ range) even though the tile field did not funct—











































Nitrogen in the ground water was in the form of nitrate
and total kjeldahl nitrogen. The concentration of nitrate in
the ground water about 3 m from the tile field was greater than
10 mg/L. However, at the distance of 10 m from the tile field,
the concentration of nitrate was reduced to a level less than
10 mg/L by dilution.
The high concentration of calcium and magnesium in the
ground water in well points 9 to 12 was probably the result of
contamination from the fertilizer in the vegetable garden.
126
,,4_—# 
 Referring to Table 43, on the first sampling date,
the counts of all three indicator bacteria were very high.
This was probably the result of contamination introduced to
the well points at the time of angering the holes and instal—
ling the well points. Subsequently, the ground water in the
well points was pumped out several times in an attempt to
clean the well points prior to further sampling. As a result,
the counts of all indicator bacteria in the ground water
generally decreased during subsequent sampling dates, particu—
larly at well points 9 to 12. Further, it can also be noted
that the bacterial levels in the ground water were lower at a
distance of 10 m (e.g. points 9 to 12) from the tile field than
3 m (points 2, 3, 4 etc.) from the tile field.
From the limited test data on this site, it was conclud-
ed that at a distance of 10 m from the tile field, the bacterio-
logical contamination was minimal. However, on several occasions,
the tile field was ponded on the surface which might cause a
local public healthhazard.
4.8 Site 8
4.8.1 Site and System
 
This site was located approximately 2 km west of
Thornhill in the Town of Vaughan. The general area was lightly
populated and mainly used for agricultural purposes Such as grain
and pasture lands. The site sloped gently towards the west.
The soil at the test site consisted of about 15 cm of


















































































































































































































































































































































































































































































































































































































































































































































































































































































    
TABLE 44 WELL POINT ELEVATIONS (SITE 8)
—- ELEVXEION (m)*
WELL —E§66§D WATER TABLE _*—_-é——§E¥-OE PEEEOPATIONS
POINT SURFACE 7640-21 LEVEL—1 LEVEL 2 LEVEL 3 LEVEL 4
g 1 29.81 28.91 28.87 28.41 27.95 27.49
I 2 29.68 28.82 29.33 28.87 28.41 27.95
‘ 3 29.65 28.65 28.55 27.23
4 29.69 28.55 29.31 28.85 28.40 27.94
5 29.57 28.48 28.50 27.90 27.43
6 29.27 28.71 28.66 28.21 27.75 27.29
7 29.29 28.47 28.05 27.44
8 29.30 28.53 28.39 27.85 27.40 26.89
9 29.21 28.58 28.30 27.87 27.41 26.93
10 29.31 28.61 28.58
11 29.33 28.59 28.51 27.63
12 29.00 28.10 27.93 27.73
13 29.32 28.56 28.33 28.00
14 29.47 28.65 28.58 28.23
 
_——--__.__—__—.r~—. -..—-._........_._.-w“_—— _.— Mm...—
 
7" Bench mark elevation assumed equal to 30.48 m (100 ft).
131
was inserted into one of the rows of tiles*.


































































































































































































obtained in 1977. The results are summarized in Table 48.
These data suggested that the attenuation of pollutants was
reasonably consistent over the period of study.
4.8.4 Discussion of Results
 
At this site, the attenuation of phosphorus, nitrogen
and potassium was excellent (>’90%) while the attenuation of
sodium, iron and magnesium was moderate (20 to 50%). The con-
centration of phosphorus in the ground water was extremely
low, (usually 0.01 mg/L) indicating a very good attentuation by
the soil. The concentration of nitrate exceeded 10 mgﬁL in some
well points located about 5 m from the tile field on the down—gradient
* It was not possible to obtain permission to take




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ed from 700 to 13
60 Umhos/ch
Sampling Dates: S
ept. 30, Oct. 21
and Nov. 15 in 19
76.


















0.26 1.03 < 0.01 0.65 1.68 0.03 (0.01 21
0.69 1.24 < 0.01 0.15 1.39 0.04 (0.01 85
0.02 0.15 0.01 12.10 12.25 (0.01 (0.01 133
0.06 0.32 0.05 10.51 10.83 (0.01 (0.01 130
0.01 0.18 < 0.01 7.55 7.73 (0.01 (0.01 186
0.12 0.39 7 0.11 3.62 4.12 0.02 (0.01 130
0.01 0.23 0.02 6.60 6.85 0.01 (0.01 107
0.01 0.25 0.42 4.78 4.45 (0.01 (0.01 105
0.49 0.87 0.03 6.62 7.52 0.06 0.03 89
1.06 1.42 0.02 0.32 1.76 0.12 0.06 4
















WELL SODIUM POTASSIUM TOTAL ORGANIC

































































































Conductivity varied from 280 to 1420 umhos/cm. Sampling Dates: Apr. 25 and July 19, 1977-




























































































































































Total Organic Carbon 180-1
Conductivity varied from 1850 to 2270 umhos/cm and pH
varied from 7.3 to 7.9.
Sampling Dates: Aug. 25, Sept. l3, 15, 17, 20, 21, 29;
Oct. 21 in 1976.
Number of samples = 8.
138
 TABLE 48 PERCENTAGE OF ATTENUATION OF POLLUTANTS (SITE 8)
Percentage of Attenuation
Parameter Average
Sept. 30 Oct. 21 Nov. 15 Apr.26 & July 19
1976 1976 1976 1977
Phosphorus 99 99 99 99
Nitrogen 95 93 91 94
Sodium 49 52 42 62
Potassium 93 97 91 96
Sulphates O O O —
Magnesium 21 24 0 —









































































































































































result of local soil and hydrological conditions.
Table 49 summarizes the bacteriological data for three
sampling dates. The coliform counts were highon the first
sampling date, which mighthave been due to some contamination
in the well points introduced at the time of augering the holes
and installing the well points. The coliform counts were much
lower on the second and third sampling dates indicating a
minimal bacteriological contamination from this tile field. The
counts of indicator bacteria were generally low at well points 11
to 14, all located at a distance of approximately 13 m from the
tile field on the down—gradient side.
4.9 Site 9
4.9.1 Site and System
Site 9 was located on the Severn River approximately
4 km northeast of Washago, Ontario. The area was highly developed
for permanent and seasonal dwellings.
The soil stratigraphy on the site consisted of a thin
































































































































































































































































































 silt. The sandy silt material was composed of about 9% clay,
75% silt and 16% sand. The clayey silt material had about 31%
clay, 57% silt and 12% sand with liquid limit equal to 30 and
plastic limit equal to 16. The thickness of this soil layer
varied depending on the elevation ofthe underlying bedrock.
The septic tank-tile field system on the site was
constructed in 1971 and served a household of four people. The
septic tank had a capacity of 4500 L and was located about
1.5 m above the tiles. The tile field was located in a raised
sand bed constructed partly over a granite outcrop with imported
fill. The fill consisted mainly of sand (90%) and traces of
silt and fine gravel. The total length of the clay tile was
160 meters and was equally divided into seven rows. The depth of
the tiles was 0.2 m below the ground surface.
Figure 20 shows the location of the private waste
disposal system and the topography of the site. Ground water on
the site seeped in an easterly direction from the tile field
to the river. The water table was approximately 1 m below the
ground surface.
4.9.2 Instrumentation and Monitoring
 
Preliminary investigations such as the locating of tiles,
the determination of the depth of the water table, the direction
of the ground water flow and soil borings for the determination
142
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 of subsoil conditions were completed in June, 1976. In July,
1976 ground water well points were installed around the tile
field at distances of 3 m and 15 m on the down—gradient side.
The well points were of Type "B" and "C" construction.
Elevations of these well points are presented in Table 50.
Water samples for chemical and bacteriological tests were taken
on four occasions (October 19, November 8 of 1976 and May 11,
June 23 of 1977). In July and September of 1976, composite
samples of septic tank effluent were taken from the septic tank
outlet.
4.9.3 Experimental Results and Analysis
The test results on the septic tank effluent samples
are presented in Table 51. The average chemical data of 1976 and
May 11, 1977 are summarized in Tables 52 and 53 respectively.
The bacteriological data are contained in Table 54.
The percentage attenuation of different pollutants by
soils was calculated using the chemical results of 1976 and 1977.
The envelope used in the analysis was the one passing through
points 1 to 10
(Figure 20)
and the results are summarized in
Table 55.
4.9.4 Discussion of Results
 









































‘- ELEV;;ION (m)* -7-
WELL GROUND WATER TABLE -SET OF PERFOPATIONS
POINT SURFACE 7640—19 EEvEE—E——LEVEL 2 LEVEL 3 LEVEL 4
1 29.75 29.12 27.91
2 29.75 29.40 28.33 27.87 27.42 26.96
3 29.58 29.15 28.53 28.07 27.61 27.16
4 29.47 28.91 28.44 27.98 27.52 27.07
5 29.33 28.72 28.49 28.03 27.58 27.12
6 29.10 28.43 28.21 27.76 27.30 26.84
7 28.88 28.11 27.91 27.45 27.00 26.54
8 28.55 27.93 27.66 27.21 26.75 26.29
9 28.64 27.72 26.28
10 28.61 27.87 26.73 26.30
11 27.97 27.26 25.73 25.32 24.91
12 27.96 27.42 26.38 25.98 25.58
13 28.29 27.90 26.81 25.73













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
* Organisms per
100 mL of water
FC = Fecal Colifo
































TABLE 55 PERCENTAGE OF ATTENTUATION OF POLLUTANTS (SITE 9)
Average
Parameter Oct. 19 & Nov. 8 May 11 June 23
1976 1977 1977
Phosphorus 99 99 99
Total Nitrogen 75 82 89
Sodium 61 70 76





















Nitrogen in the ground water was mainly present in the
form of nitrate and the concentration was greater than 10 mg/L even
at points (e.g. 12 and 13) located about 11 m from the edge of the
raised bed on the down—gradient side.
The concentration of phosphorus in the ground water on the
down—gradient side of the raised bed was very low, which indicated a
very high attenuation of this pollutant by the soils.
The concentration of iron in the ground water was much higher
than the concentration in the septic tank effluent indicating an input
of iron, probably from the soil.
As indicated in Table 54, the levels of all indicator bacteria
were low at all distant well points (e.g. ll — 15) as compared to the
well points located near the tile field. At this site, the bacteriolo-
gical contamination from the raised bed did not appear to be signigicant
because the ground water samples from most well points contained low
counts of indicator bacteria.
With regard to the water—quality criteria for public surface
water supplies, the ground water on the down-gradient side of the
raised bed could be deemed unacceptable due to the high concentrations
of iron and nitrate. However, as mentioned previously, the high
concentration of iron was probably due to the soil, and was not a result
of pollution from the raised bed. Therefore, the iron contamination may
be considered only a local soil problem. As to the high concentration




 At the time of the field investigation, the septic tank
tile field system functioned quite satisfactorily and no surface











One of the main objectives in the field studies was to use
the test data to estimate the attenuation of the pollutants by the
soils. For the nine testing sites, the attenuation percentages of a
number of pollutants were calculated and the results have been summarized
in Table 56. The amount of attenuation of a pollutant varied depending
on the pollutant, the site and the soil conditions.
5.1 Phophorus Attenuation
 
The amount of phosphorus which can be attenuated in the soil
system depends on the soil properties and the environmental factors
(e.g. moisture, oxygen, temperature in soils, climatic conditions).
Generally, soils with more clay minerals can adsorb more phosphorus.
There are basically four mechanisms in the attenuation of phophorus
in the soil system (Tofflemire et a1, 1973):
(a) rapid removal or adsorption which can be achieved by ion
exchange, chemical reaction or physical adsorption,
(b) slow mineralization and insolubilization of the rapidly
adsorbed phosphorus,
(c) plant uptake, which may be significant during the growing
season, and
(d) biological immobilization in which phosphorus is converted
by microbes from inorganic forms to insoluble forms.
The ability of the soils to attenuate phosphorus can be
evaluated by column tests*, which are quite time consuming. Alter~
natively, the phosphorus isotherm sorption tests can be used to
* A column is filled with soil and the interaction of the soil
and the phosphorus in the wastewater is studied.
157
  












































































































































estimate the sorption capacity of the soils. The Langmuir isothermtest
and curves are frequently used by soil scientists to evaluate the
phosphorus sorption in soils (Olsen and Watanbe, 1957; Woodraff and
Kamprath, 1965; Syers et a1, 1973). This technique was used in testing
soil samples obtained from several of the 9 test sites in this project.
It is believed that the laboratory isotherm test values are reasonably
good estimate of the field capacity for phosphorus uptake by soils.
Table 57 is a summary of phosphorus sorption values for many different
soils (Tofflemire, et a1, 1973). As shown in the table, the sorption
values vary significantly amongst different soils.
Field studies of the attenuation of phosphorus by soils
adjacent to tile field systems have been undertaken by many investigators.
Polkowski and Boyle (1970) undertook a study on the ground water quality
adjacent to a septic tank — soil sorption system. It was found that
the average phosphorus concentration in the septic tank effluent was
5.15 mg/L, and this concentration was reduced to 0.04 mg/L in the
average ground water sample from a well approximately 4.6 m (15 ft) on
the down-gradient side of the tile field. Most well points in the
field did not have an average phosphorus concentration greater than 0.01
mg/L. It was therefore concluded that the removal of phosphorus by
the medium to coarse sand at the site was effective.
A comprehensive field study of some major soils in Wisconsin
for the sorption of septic tank effluent was conducted by Boumaand
his associates (Bouma et a1, 1972). It was found that the sorption
of phosphorus by the soil was most effective in clayey soils; however,
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side of tile fields.
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(ii) attack by soil bacteria,


























































of these indicator bacteria.


















systems and found very low counts of fecal coliforms about 10m from
the tile fields. Reneau and Pettry (1975) studied the movement of
total and fecal coliform bacteria from septic tank effluent through three




































fecal coliforms counts were observed within a distance of 13.5 m. The
authors concluded that coliform bacteria would not likely move into the















































































of the time. (below PSWS Standards (Appendix 1))


































from the edge of the tile fields, the bacterial counts were very low,
suggesting minimal bacteriological contamination of the ground water.
5.4 Discussion on the Adequacy of Existing Regulations on the Design
of Septic Tank — Tile Field Systems
Figure 23 shows a typical arrangement of a septic tank system
and also the minimum required distances between the tile field and
surface waters, wells, etc. (Ontario Ministry of the Environment, 1974).
These clearance distances were recommended to avoid bacterial and chemical
contamination of the wells and to minimize eutrophication of the receiving
surface waters due to the input of nutrients from the septic tank systems.
5.4.1 Phosphorus (P)
It was found in the field study that the concentration of
phosphorus in the ground water at the distance of 15 m (50 ft) from
the tile field was very low (see Figure 21) with the exception at site 1,
where the soil was clean beach sand and the disposal system was quite
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would be 29.2 years.
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 Based on field and laboratory observations, Sawhney and Hill
(1975) hypothesized that P sorption sites in soils could be regenerated
with time. A soil that had been successively treated with P solution
in the laboratory showed reduced P sorption capacity but the capacity
to sorb P was regained after drying and wetting cycles. If this hypo—
thesis is true in the field, it would mean that soils in the tile field
area can sorb additional phosphorus even though their sorption capacity
is initially exhausted.
On the basis of the field data and the discussion presented in
this report it is concluded that the recommended distances shown in
Figure 23 are adequate for most soils to control the concentration of
phosphorus in the ground water and the input of phosphorus to surface
waters .
5.4.2 Nitrogen (N)
The concentration of nitrate in the grOund water on the down—
















10 mg/L (as N*) (Figure 22). However, it should be noted that the
ground water samples were obtained from 1 to 2.5 m below the ground water
table, where the principle mixing of the septic tank effluent and the
uncontaminated ground water took place. (Dudley and Stephenson, 1973).
If a drilled well is located according to the minimum clearance distance
(15 m) and is cased to the minimum depth of 7.5 m (25 ft) below the
ground surface, the concentration of nitrate in the ground water should
* No cases of methemoglobinemia have been reported in the U.S. from



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































thus, variations in nitrogen supply fromtile fields may not have
significant effects on algal growth.























































































































To date, the role of nitrogen in the eutr0phication process
of surface waters is not fully understood. However, from the above
discussion it appears that with the limited input of phosphorus, the
input of nitrogen may be insignificant in the eutrophication process:
Therefore, the distance of 15 m (50 ft) between the tile field and
surface waters would seem to be adequate.
5.4.3 Chlorides, Sulphates, Potassium, Calcium, SodiumL
Magnesium and Inga
According to the criteria for public surface water supplies,
the permissible concentration of chlorides is 250 mg/L, which is
several times greater than the measured concentration in the septic
tank effluent. Therefore, the chlorides in the septic tank effluent
would not significantly affect the ground water as a source of drinking
water. Because chloride is a very soluble ion in water, it is expected










































































































































































































































































































































































































































































effect on plant productivity in most lakes.
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the ground water samples obtained from some of the test sites would
































































































6. CONCLUSIONS AND RECOMMENDATIONS
 
From the field studies on nine (9) private waste disposal
systems in Ontario, a number of conclusions can be made.
(1) Based on the eight of the nine sites investigated, the
attenuation of phosphorus by the soils in the immediate
vicinity of the tile fields was generally quite high
(> 90%). At test site 1, the tile feld was installed in
1959 in a clean beach sand and the attenuation of
phosphorus by the sand was poor because of the age of the
tile field and the initial small capacity of the sand for
sorbing phosphorus.
? (2) With the exception of test site 1, the attenuation of
E nitrogen by soils in the vicinity of the tile fields was
reasonably good (80% range). This percentage attenuation
was obtained from field investigations conducted in the
 
late spring, summer and the early fall seasons and the
conditions for nitrogen removal were more favourable than
the rest of the year. Therefore, the 80% attenuation
value may be larger than the percentage for the whole year.
The nitrogen from the septic tank effluent which is not
attenuated by the soil above the water table moves into
 
the ground water systemand is present mainly in the
highly soluble nitrate form. The decrease in the concen-
tration of nitrate in the ground water likely occurs solely
by dilution.
(3) Bacteriological contamination from the tile field systems
was not significant as indicated by the low counts of
indicator bacteria in the ground water (below PSWS criteria










(4) In most of the nine private waste disposal systems studied,
the quality of the ground water 15 m on the down-gradient
side of the tile field met the water quality criteria for
public surface water supplies proposed by the Ontario Ministry
of the Environment.
(5) The minimum distances between the tile field, wells, surface
waters, etc. as proposed by the Ontario Ministry of the
Environment to avoid contamination of the drinking water and
to the surface waters are not inadequate.
In practice, not every tile field system is built according to
regulations. Therefore, the remedial options for reducing
contamination from private waste disposal systems would be:
to correct unsatisfactory old systems and construct
new ones according to current regulations. This
would require more strict inspections and approvals
on the part of the regulatory agencies;
to conduct proper evaluations of the soil conditions
at the site of the proposed private waste disposal
system so that the possibility of surface pending of
septic tank effluent in the tile field area can be
minimized. This is particularly important for
potential sites underlain by fineegrained clayey soils;
to import suitable soil to build the tile field if
the on—site materials are not suitable or are not of
sufficient quantity (refer to systems at sites 5 and9);
if the soil is not removing phosphorus adequately







soil additives, such as red mud (tailings from
aluminum smelters) or clay soils may be added to
the natural sandy soils to improve the attenuation
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* Source: Guidelines and Criteria for Water Quality Management





Chemical Data on Septic Tank
Effluent Samples
In the PLUARG field studies, a total of 10 septic tank systems were
selected in 1976 for the sampling of septic—tank effluent. An automatic sampler
was used to obtain samples on an hourly basis and composite samples were formed
by mixing hourly samples which were submitted for analysis of different chem-
ical pollutants. The test results are tabulated as follows:
 
Parameter Average Concentration (mg/L)
(1) (2) (3) (4)
Nitrogen (as N)
Ammonia 28.8 66.9 38.7 63.0
Total Kjeldahl 36.6 73.4 50.9 75.1
Nitrite 0.01 0.01 0.02 0.01
Nitrate 0.1 0.1 0. 0.1
Phosphorus (as P)
Total 8.2 8.5 10.2 12.1
Soluble 6.7 7.3 8.2 9.6
Chlorides (as 01) 44.2 66.0 57.0 78.7:
Sodium (as Na) 75.8 40.0 130.0 90.8
Potassium (as K) 12.0 17.7 15.1 22.6X
Magnesium (as Mg) 26.5 17.3 1 6* 25 3
Iron (as Fe) 0.22 0.22 O 25 0 8X
Calcium (as Ca) 78.8 47.3 7 6* 65.6
Sulphate (as SO ) 59.0 39.0 51.8 40.7X
Hardness (as Cséo ) 350.8 166.3 26.2* 268.3
Alkalinity (as Ca003) 480.8 380.7 333.7 508.0
Total Carbon 178.5 142.6 145.0 204.8
Total Organic Carbon 64.7 49.9 54.7 89.5
NOTE: (1) Campbellville site [6]**. (2) Bronte site [7].
(3) Scarborough site [7]. (4) Average data of 10 sites
(sites 3 to 9 in this report
and (l), (2) and (3)).
* Low concentration due to the use of a water softener by the
household.
++ Results from site 7 were not used in calculating the average.
>
4
Results from site 5 and the Scarborough site were not used in
calculating the average.
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CONTAMINATION OF THE GREAT LAKES BY PRIVATE WASTES
(PART 2 — POLLUTANT LOADING ESTIMATES)
1. INTRODUCTION
In conforming with the general objectives of Activity 3 of
Task C, IJC/PLUARG* investigations, the main objective of this study
was to determine the potential input of pollutants originating from
private waste disposal systems which are likely to reach the Great
Lakes or to move in flow systems likely to reach the Great Lakes in
the future (IJC/PLUARG, 1974).
The approach used in this study was
to collect data on the
existing private waste disposal systems (PWDS) which may contribute
pollutants to the Canadian portion of Lakes Ontario, Erie, Huron
and Superior.
The maximum potential pollutant loads from the PWDS Were









southern Ontario where it was possible to collect the pertinent data
for individual watersheds.




































































 For each of the 24 watersheds,
collect data on PWDS (number of
systems and their locations with
respect to the Great Lakes, the
population using the systems)









































































Compute the maximum potential
input of pollutants to the Great
Lakes.
  
Data on the attenuation of















Compute the probable potential
pollutant loads to Lake Ontario,
Lake Erie, Lake Huron and Lake
Superior.
FIGURE 1. BLOCK DIAGRAM ILLUSTRATING THE STUDY APPROACH
  
  
2. DATA COLLECTION METHODS



















































































Ontario were collected for this study. These watersheds are listed
in Table 1 and their locations are shown in Figure 2.
The census survey conducted by Statistics Canada in 1971 was
used to compile data on PWDS within a watershed. (Note: the census
data obtained in 1976 were not available at the time of investigation)
From the 1971 census reports, it was possible to obtain pertinent data
on systems connected to year—round dwellings.
The procedure used to collect data from the census study is
outlined as follows:-
(a) The boundaries of the watersheds and the Great Lake to which they
drain were delineated on the drainage basins map of southern
Ontario (Map 3002—2, published by the Ontario Ministry of the
Environment in 1973).
(b) The counties and municipalities located within the watersheds were
 
identified on the county and municipality map (Map 21, published
by the Ontario Ministry of Natural Resources in 1974).
(c) The enumeration area (EA) numbers (i.e. identification numbers)
corresponding to different municipalities were obtained from the
1971 census official list, series 1, part 1c for the Province of
Ontario. (Note: The EA is the smallest unit used in the cenSus
study and in this project was used to obtain data pertaining to

































Huron 22-12 Bruce — Peninsula
22—13 Saugeen River
22—14 Bruce — Huron
22—15 Maitland River










24—03 Toronto — West Durham




24—08 Hastings — Lennox
* Ontario Ministry of the Environment Numbering Designation
  











    








































—(d) The land area, the number of PWDS and the population for each
enumeration area was obtained from computer listings supplied by
Statistics Canada.




Number of all different waste disposal systems
oPopulation in EA
(f) The number of people per system was also computed by dividing the
total number of PWDS by the population using the systems.
(g) The distances from the Great Lakes of groups of PWDS was measured
by dividing the watershed into area units on the drainage map (Map
3002—2). Each area unit was one square inch (6.5 cm2). The distance
from the centre of the area unit along a river (rivers or streams) to
the Great Lakes was measured on the drainage map with the aid of
a map distance measurer. This measured distance was then used
for different groups of PWDS located in that particular area unit.
(h) The number of systems within a certain distance (i.e. 200 m, 500 m
and 800 m) from a body of surface water (a.stream or a lake) was ‘
determined by counting the number of systems (assuming one system
per dwelling) within 200 m, 500 m and 800 m from a watercourse in
each enumeration area (EA). The enumeration area being studied
 
was marked off on the topographical map (scale l:50,000). Also,
the total number of systems shown on the topographical map within
the EA was counted and the percentages of systems within 0—200,
201—500, 501-800 m and >800 m were computed in terms of the total
number of systems.
Approximately 20% of all the enumeration areas located in a water—
shed were selected as a representative sample for counting. Only
those enumeration areas that were completely serviced by PWDS,
(i.e. no sewers), were chosen.
6
  
 2.2 Seasonal PWDS
In addition to compiling data pertaining to year—round systems
from the 1971 census report, the data on systems connected to seasonal
dwellings (e.g. cottages) were also obtained in order to calculate the
total input of contamination from both seasonal and year—round dwellings.
The data for this part of the study'were obtained from the Ontario
Ministry of the Environment report, "Distribution of Residential Sub-
Surface Sewage Disposal Systems in Ontario", prepared by the Private
Sewage Unit, Pollution Control Branch in 1976 (MOE, 1976C)-
The procedure used to obtain these data is described as
follows:—
(a) The townships in the watershed under investigation were found on
the c0unty map (Map 21, published by the Ontario Ministry of
Natural Resources in 1974).
(b) The corresponding number of seasonal PWDS for cottages were
 
obtained from the 1976 Ministry of the Environment (MOE) Report, in
which the townships were identified. (Note: Census divisions in
the report are the same as townships).
For comparison purposes, the information on the number of
cottages (i.e. number of seasonal PWDS, assuming one system per cottage)
in a watershed was also obtained from the 1971 census survey. In some
cases, the data obtained from this source were not quite comparable with
the 1976 Ministry of the Environment Report.
Consequently, some judgement
was necessary in deciding what w0uld be the more probable number of
seasonal systems within the watershed.
2.3 Septic Tank Effluent Data
 
Data concerning the concentration of chemical pollutants in
the septic tank effluent and the flow
rateof the effluent from a house-
hold were collected from PLUARG site investigations and published
literature results.
 

































































































































































































































































































Bass Lake, west of Orillia
2 Innisfil, on the west shore of Lake
Simcoe, north of Toronto
Lake Muskoka, north of Gravenhurst
Bondhead, north of Toronto
the outskirts of Milton, west of Toronto
Town of Vaughan, west of Thornhill
the Severn River, north of Washago
Scarborough, east of Toronto
9 In Bronte, west of Toronto
10 In Campbellville, west of Toronto













i groundnwateradjacent to the tile fields were also conducted.
Details of the investigations are contained in the companion
IJC/PLUARG report by Chan (1978).
 
—_
3. PRESENTATION OF RESULTS
3.1 Pilot Watersheds(Grand River and Saugeen River)
In the PLUARG Task C studies, two pilot watersheds were
chosen for detailed investigations in Ontario: the Grand River and
the Saugeen River watersheds.
In Table 3, data concerning the existing PWDS in the Grand
River watershed are summarized. Each enumeration area (EA) is
identified by an enumeration number (listed under I.D. number in the
table) and the data pertaining to that area is tabulated accordingly.
The enumeration areas are grouped by township, municipality, etc. and
the total number of systems for each group of enumeration areas has
been computed. The "distance to Great Lake” was only measured for
each group of enumeration areas and the "percentage system within
distance increments from receiving water" was computed for selected
EA groups.
Table 4 summarizes the above—mentioned pertinent data on
PWDS in the Grand River watershed.
Figure 3 is a map showing the distribution of PWDS (year—
round dwellings only) in the watershed and Figure 4 is a plot of the
number of year—round systems vs. the distance between the systems
and the mouth of the Grand River.
The total number of year—round PWDS systems (37,498) in the
Grand River watershed in 1961 was also determined using the data from
the 1961 census survey which was slightly greater than the 1971 figure.
The small decrease in the number of systems from 1961 to 1971 could be
attributed to the increase of the sewerage systems and municipal waste
treatment facilities in the watershed. From the comparison of the total
number of PWDS in 1961 and 1971, it was inferred that the total number
of PWDS in 1971 and at the present time would be similar.








































1.0. Number Area (km7) Number of Systems/ Pop. Using People/ 0-200 201—500 501—800 >800



































































































































004 31 2 125 4 0 470 3.76 135
005 25 6 150 5 9 571 3.81










































































































































































WATERSHED: Grand River (cont'd.)
 








































































































































































































































   
































































































































































































































































































PrivaLc Waste Disposal Systems (P.W.D.Sﬂ) X System Within Distance IDistanre












’ ' Numbux Area (kmz) Number of Systems/ Pop. Using Peoplc/ 04200 201—500 501~800
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WATERSHED: Grand River (cont'd.)
 
Enumeration Area





















































































































































































































































































































































































































































































































































































































































   





















































































































































































































































































































































































































































































TABLE 4 SUMMARY OF PERTINENT DATA ON EXISTING PWDS
IN THE GRAND RIVER WATERSHED
Total Number of PWDS 36,115
(Year—round dwellings)
Population Using PWDS 135,677
(Year—round dwellings)
Average Number of People/System 3-76




Total Number of PWDS 7,223**
(Seasonal dwellings)
* 200 m from a body of receiving water.
** The number of systems was determined from the 1971
census data on the number of cottages in different areas
within the watershed. The total number of seasonal systems
(1779) as determined from the 1976 Ministry of the
Environment report appeared to be tOo low and was not used
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 In Table 5, detailed information on the existing EWDS in
the Saugeen River watershed is presented and the pertinent data are
i summarized in Table 6, The distribution of year-round PWDS in the
Saugeen River watershed is presented in Figure 5 and a plot of the
number of systems vs. the distance between the systems and the mouth
 
of the river is shown in Figure 6.
The 1961 census survey data were used to obtain the number
of systems (8,979) in 1961, which was compared with the 1971 figure
(8,950). Because the number of systems did not change from 1961 to
1971, it was inferred that there would be little change in the number
of systems from 1971 to the present time.
3.2 Other Watersheds
The pertinent data on the BWDS in the other 22 watersheds
in Southern Ontario are tabulated in Appendix 1. Detailed data, not
included in this report are available from the Applied Sciences Section
of the Ministry of the Environment, 135 St. Clair Avenue West, Toronto,
Ontario M4V 1P5. L
No similar detailed compilation of data on existing PWDS in
watersheds draining into the Northern part of Lake Huron and Lake l
Superior was undertaken. However, the total number of year-round and
seasonal PWDS was obtained on a county basis from the 1971 census survey
data and the Ministry of the Environment report (MOE, 1976c). These data
were then used to calculate the pollutant loads.
3.3 septic Tank Effluent Data
 
The average septic tank effluent data from10 testing sites
are presented in Table 7. For comparison purposes, literature data on
the quality of septic tank effluenmihavebeen collected and summarized
in Tables 8, 9 and 10. The results in Tables 7 to 10, indicate that
there is a significant variation in the concentrations of pollutants
in septic tank effluents_ For the calculation of pollutant loadings
to the Great Lakes, it was decided to use the average septic tank effluent
ﬁAW — 27 - %
 TABLE 5 DISTRIBUTION OF YEAR-ROUND PWDSIN THE SAUGEEN RIVER WATERSHED
Hunmvratinn Aron






























































































































































































































































































































































































































































PrlvaLe Waste U1H70801 5 stems (P.W.D.b.)













































































































































   
 
   













Private Waste Disposal Systems
(P.W.D.S.)
(Permanent)
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SUMMARY OF PERTINENT DATA ON EXISTING PWDS
IN THE SAUGEEN RIVER WATERSHED
Total Number of PWDS 8,950
(Year—round dwellings)
Population Using PWDS 32,509
(Year—round dwellings)








Total Number of PWDS 7,252**
(Seasonal dwellings)
* 200 m from a body of receiving water.
** The number of systems was determined from the data






















































FIGURE 5 = DISTRIBUTION OF YEAR-ROUND PWDS IN THE SAUGEEN RIVER WATERSHED
 
 
(SAUGEEN R IVER WATERSHED)


















































































DISTANCE TO LAKE HURON (Km)
 
 
 TABLE 7 AVERAGE SEPTIC TANK EFFLUENT DATA










































* More details can be found in the companion report by
Chan (1978).
 
TABLE 8 LITERATURE DATA ON THE CONCENTRATION OF PHOSPHORUS (P)
IN SEPTIC TANK EFFLUENT
  
Concentration of Phosphorus (as P) (mg/L) Reference
Total 15.0 Brandes (1977)
Soluble 12.0
Total 15.3 Otis, Boyle, Sauer
Orthophosphate 11.6 (1974)
Total 6.5 Preul (1964)
Total 10.0 Feth (1966)
Total 8.2 Lake George (1971)
Total 13.3 Bouma et a1 (1972)
Average of all above data 11.7 mg/L (Total P).
Average of data obtained 13.0 mg/L (Total P).
since 1970
#TABLE 9 LITERATURE DATA ON THE CONCENTRATION OF SEVERAL
FORMS OF NITROGEN IN SEPTIC TANK EFFLUENT
  
Parameter Concentration as N (mg/L) References





Ammonia 35.6 Otis, Boyle & Sauer
Nitrite & Nitrate 0.51 (1974)
Total 52.2
Ammonia 96.9 Viraraghavan &
Nitrate 0.03 Warnock (1974)
Total 73.0 Karikan, Beer
& Smith (1974)
 
; Total 47 Otis (1973)*
Total 27.8 Bouma et a1 (1972)
Total 28.9
Total 35 _ Polta (1969)*





Total 44 Corey et al (1967)*
Total 84.0 Watson et a1 (1966)*
Total 20—40 Feth (1966)





Organic 5.4 Robeck et a1 (1964)
Ammonia 22
Nitrite & Nitrate 0.11
Total 27.5
Average of all literature results in the table Total N = 50.8 mg/L.
Average of literature data since 1970 + Average from ten sites in this
project Total N = 60 mg/L.
* Data quoted in report by Dudley and Stephenson (1973).
_ 38 _
 
 TABLE 10 LITERATURE DATA ON THE CONCENTRATION OF CHLORIDE
AND SODIUM IN SEPTIC TANK EFFLUENT
 
Parameter Concentration Reference









































































































































































































































































































































































































section four these percentages are discussed and used for the
pollutant loading calculations.
3.5 Percentage of "Problem" Systems



















of satisfactory and unsatisfactory PWDS were determined by field
inspection of cottages on recreational lakes. Table 14 summarizes the












































































































































































































































































































































































































































































On Georgian Bay, between Wasaga
Beach and Collingwood.
On Bass Lake, west of Orilla.
Innisfil, on the west shore of
Lake Simcoe.
On Lake Muskoka, north of
Gravenhurst.
In Bondhead.
On the outskirts of Milton.
In Town of Vaughan, west of
Thornhill.





































































































































    
*Data from 9 PLUARG test sites.














TABLE 14 SUMMARY OF COTTAGE POLLUTION SURVEY RESULTS OBTAINED BY THE MINISTRY OF THE ENVIRONMENT













































































































Satisfactory -A system which meets all current standards of good design, construction and location,
and is properly maintained.
Direct Polluter -A system which permits sewage to contaminate the groundwater, or to reach the lake
either by direct
discharge through
a pipe or ditch o
r over the ground
surface.
Substandard -A system which does not meet current standards of design, construction and location,
and/or is in a state of neglect.
Nuisance
— A system causing wash water to be exposed on the surface of the ground either
(Wash Water)
directly through a waste pipe, escaping from a seepage pit or just thrown on ground
surface.
Nuisance
—A system causing a waste containing fecal or urinary discharges to be exposed on the
(Toilet or surface of the ground, either directly through a pipe or escaping from some part of
Solid waste)‘ sewage disposal system including a privy.
NOTE: Details of the cottage pollution Survey can be found in the Ministry
of the Environment internal reports (See "REFERENCES" for titles of reports).
  
  
TABLE 15 LITERATURE DATA ON FAILURE RATE OF PWDS
 
Failure Rate Data Source
(Connec:::ut) Hill and Frink (1974)
30%
(San Diego Co., Calif)
45%













4. CALCULATIONS OF POLLUTANT LOADS TO THE GREAT LAKES
The assumptions made in the calculation of the pollutant
loads to the Great Lakes are summarized below:
The amount of wastewater produced by one person per day
in a year—round dwelling is 168 L.
(Section 3.3, Table
11).
The amount of wastewater produced by one person per day





on recreational lakes were carried out by field staff of
the Ontario Ministry of Health and it was found that the
average water consumption rate in cottages was about 55 L
(12 Imp. Gals) per person per day (Ont. Dept. of Health,
1969). For the pollutant loading calculation, the water
consumption rate was arbitrarily increased to 91 L (20 gals)
per person per day.
Seasonal dwellings are used for an equivalent period of
three months in a year and there are on the average four
people in one dwelling.
There are 30% of the existing systems which fail to remove
any pollutants from the septic tank effluent on a yearly
E
basis. As far as pollutant loading calculations are con-
cerned, this percentage is assumed to be eguivalent to the
percentage of all systems which experience operational
difficulties, such as the ponding of septic tank effluent on
the ground surface, and hence the pollutants are delivered
to the receiving waters by surface runoff. (Table 14, Section
3.5). Referring to Table 3 and Table 5, the majority of the
PWDS in the two pilot watersheds are located at a distance
greater than 200 m from a lake or river. For a system which















































































































































































































































































































































































































































































































































































































































































































































 measurements obtained from the PLUARG test sites because these
values are comparable to the literature data. The attenuation
percentages in Table 16 which were used to compute the poten—
tial pollutant loads were derived from the average percentage
values in Table 13. The suggested percentages in Table 16
are generally smaller than those in Table 13 so that a conser—
vative estimate of the potential pollutant loads to the Great
Lakes
could be made.
It should be pointedout
that the reduction
of the percentage value is larger for nitrogen because it is
assumed that the average yearly attenuation is smaller than
the attenuation determined by monitoring studies for part of
the year only (i.e. May to November).
Using the above—mentioned assumptions, the pollutant loads to
the Great Lakes from the PWDS in the Grand River watershed
(Table 17) and in the Saugeen River watershed (Table 18) were
calculated. Table 19 is a summary of the number of PWDS in
watersheds draining into lakes Ontario, Erie, Huron and
Superior. The loading calculations for these watersheds have
been computed and tabulated in Tables 20 to 23. The detailed
data on PWDS in 22 watersheds in southern Ontario and loading





SUGGESTED CONCENTRATION OF POLLUTANTS IN SEPTIC































 TABLE 17 ESTIMATES OF POLLUTANT LOADS FROM PWDS IN THE
GRAND RIVER WATERSHED TO LAKE ERIE










Total P 100.86 2.90 103.76 34.76
Soluble P 80.02 2.30 82.32 27.58
Total N 500.12 14.39 514.51 298.42
Chloride 656.00 18.87 674.87 674.87
Sodium 756.85 21.77 778.62 506.10
Potassium 188.38 5.42 193.80 119.20
Magnesium 210.88 6.07 216.95 201.76
Sulphate 339.25 9. 76 349 . 01 3‘49 .01
Iron 6.67 0.19 6.86 5.90
* t/yr = metric tons per year.
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TABLE 18 ESTIMATES OF POLLUTANT LOADS FROM PWDS IN THE
SAUCEEN RIVER WATERSHED T0 LAKE HURON
Max. Pollution Load (t/yr)*
Parameter Year—round Seasonal Total Probable Potential
Dwellings Dwellings Pollutant Load (t/yr)
Total P 24.17 2.91 27.08 9.07
Soluble P 19.17 2.31 21.48 7.20
Total N 119.83 14.45 134.28 77.88
Chloride 157.18 18.95 176.13 176.13
Sodium 181.35 21.86 203.21 132.09
Potassium 45.14 5.44 50.58 31.11
Magnesium 50.53 6.09 56.62 52.66
Sulphate 81.29 9.80 91.09 91.09
Iron 1.60 0.19 1.79 1.54





TABLE 19 NUMBER OF PWDS (YEAR ROUND AND SEASONAL) IN THE
GREAT LAKES WATERSHEDS (ONTARIO, ERIE, HURON AND
SUPERIOR)
Year Round Dwellings
Lake No. of Systems Population Using No. of Seasonal
Systems Dwellings
Ontario 131,660 474,882 35,319
Erie 145,110 526,578 14,510
Huron 114,195 422,521 76,819
Superior 16,670 61,679 9,579
- 53 _
 DRAINING INTO LAKE ONTARIO
ESTIMATES OF POLLUTANT LOADS FROM PWDS IN WATERSHEDS
 














353.01 14.19 .20 123.01
Soluble P 280.08 11.26 .34 97.60
1750.47 70.37 .84 1056.08
Chloride) 2296.03 92.30 .33 2388.33
2649.04 106.49 .53 1791.09
Potassium 659.34 26.51 .85 421.80
Magnesium 738.11 29.67 .78 714.04






TABLE 21 ESTIMATES OF POLLUTANT LAODS FROM PWDS IN
WATERSHEDS DRAINING INTO LAKE ERIE
 
















Soluble P 310.56 4.63 315.19 105.59
Total N 1941.02 28.91 1969.93 1142.56






Potassium 731.12 10.89 742.01 456.34
Magnesium 818.47 12.19 830.66 772.51
Sulphate 1316.66‘ 19.61 1336.27 1336.27
Iron 25.88 0.39 26.27 22.59
* t/yr = metric tons per year.
_ 55 _
 TABLE 22 ESTIMATES OF POLLUTANT LOADS FROM PWDS IN
WATERSHEDS DRAINING INTO LAKE HURON
     






Dwellings Dwellings Polluanu: Load (t/yr)
Total P 314.09 30.86 344.95 115.56
Soluble P 249.19 24.49 273.68 91.68
Total N 1557.46 153.04 1710.50 992.09
Chloride 2042.87 200.74 2243.61 2243.61
Sodium 2356.96 231.60 2588.56 1682.56
Potassium 586.64 57.65 644.29 396.24
Magnesium 656.73 64.53 721.26 670.77
Sulphate 1056.48 103.81 1160.29 1160.29
Iron 20.77 2.04 22.81 19.62







WATERSHEDS DRAINING INTO LAKE SUPERIOR
ESTIMATES OF POLLUTANT LOADS FROM PWDS IN
Parameter








Total P 45.85 3.85 49.70 16.65
Soluble P 36.38 3.05 39.43 13.21
Total N 227.35 19.09 246.44 142.94
Chlorides 298.21 25.03 323.24 323.24
‘Sodium 344.05 28.88 372.93 242.40
Potassium 85.64 7.19 92.83 57.09
Magnesium 95.87 8. 04 103.91 96.64
Sulphates 154.95 12.95 167.17 167.17
lron 3.03 0.25 3.28 2.82
* t/yr = metric tons per year,
if -57-— 1
 5. SUMMARY
In this report, the data were summarized on private waste
disposal systems (PWDS) in watersheds in southern Ontario and in water—


















number of private waste disposal systems connected to year-round and
seasonal dwellings, their distribution within the watersheds and the
population using these systems. For systems located in the northern
Ontario watersheds, only the total number of systems was obtained.
The maximum pollutant loads from these private systems were
computed by using the following data: (1) the number of people using
the PWDS or the number of systems; (ii) the concentrations of pollu—
tants in the septic—tank effluent and (iii) the quantity of wastewater
produced by individuals in a household. Then, the probable potential
pollutant loads were calculated by making use of additional data on the
percentage of attenuation of the pollutants bysoils and the estimated
percentage of systems which are assumed unable to remove pollutants.
The estimated pollutant loads (Total P, Total N, Chloride)
from PWDS in the Grand River and Saugeen River watersheds, and the input
of contamination to the Great Lakes (Ontario, Erie, Huron and Superior)
from PWDS are summarized in the following table:
Grand Saugeen Ontario Erie Huron Superior
River River
Total P 35 9 123 133 116 17
Total N 298 78 1056 1143 992 143
Chloride 675 176 2388 2584 2243 323
(All above figures in metric tons per year)
_ 58 -
 The relative significance of pollutant loads from different sources
to the Great Lakes is illustrated by the data in the following tables.
(Here and Ostry, 1978 (a) and (b)).
POLLUTANT SOURCES IN THE GRAND RIVER WATERSHED
Agricul— Trans— Processed Sani— Spray
Muni— Indus— Urban tural Wooded/ porta— Organic tary Irri—
PWDS cipal trial General General Idle tion Waste Landfill gation
Total P 35 114 60 28 452 11 ~ 1 IC* 0.1
Total N 298 1580 146 169 5860 654 - IC IC IC
Chloride 675 21900 2140 — 10100 2540 41800 IC 1400 IC
POLLUTANT SOURCES IN SAUGEEN RIVER WATERSHED
Trans— Processed Sani— Spray
Wooded/ porta— Organic tary Irri-
Landfill gation
Agricul—
Muni— Indus— Urban tural
PWDS cipal trial General General Idle tion Waste
Total P g 9 17.7 0.14 2.9 229 13 — TC TC 0.8
Total N 78 120 TC 26.4 2970 675 — IC IC 1.7
Chloride '176 647 TC 79 5100 2620 7100 0.9. 607 -
(All above figures in metric tons per year) * IC insignificant contribution
The data indicate that the contributions of total P, total N and chloride
from the PWDS in the Grand River and Saugeen River watersheds do not exceed 5%
of the total contributions from all the pollutant sources. Therefore, it can be
inferred that the contribution of pollution from PWDS in Ontario to the Great
Lakes is relatively insignificant.
- 59 _
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 APPENDIX 1 SUMMARY OF DATA ON PWDS in 24 WATERSHEDS IN
SOUTHERN ONTARIO
WATERS Number of PWDS P°E§SEg%gg Avg. People/
HED Year—round Seasonal Year-round PWDS
Bruce-Huron 2,985 1,711 10,281 3.44
Bruce Peninsula 5,720 3,471 19,374 3.39
East Durham-N. Humberland 10,925 1,524 40,122 3.67
Essex 34,505 2,426 124,898 3.62
Grey 3,925 1,106 12,750 3.25
Hamilton—Peel 30,125 22 111,158 3.69
Hastings—Lennox 11,030 1,586 41,223 2.74
Huron-Lambton 10,065 3,282 35,005 3.48
Kent-Elgin 5,360 450 18,749 3.50;
Maitland River 6,810 884 24,727 3.63
Moira 6,955 1,642 25,617 3.68
Muskoka 7,955 18,930 25,355 3.19
Niagara 18,350 299 66,722 3.64
Norfolk—Haldimand 23,855 2,791 84,694 3.55
Parry Sound 5,295 7,111 17,446 3.29
Prince Edward 4,900 1,061 17,022 3.47
St. Clair 18,600 548 65,239 3.51
Severn 17,450 9,230 60,802 3.48
Simcoe 21,685 13,863 76,248 3.52
Thames River 26,675 1,072 97,321 3.65
Toronto-West Durham 24,475 809 87,122 3.56
Trent 24,900 28,376 85,896 3.45
* Grand 36,115 7,223 135,677 3.76
* Saugeen 8,950 7,252 32,509 3.63
* PLUARG pilot watersheds.
_ 63 _
 APPENDIX NO. 2
Estimates of Pollutant Loads from PWDS in 22 watersheds
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Total P 29.83 0.61 30.44 10.20


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Dwellings Dwellings Pollutant Load (tons/year)
Total P 49.60 0.12 49.72 16.66










Chloride 322.60 0.78 323.38 323.38
Sodium 372.20 0.90 373.10 242.52
Potassium 92.64 0.22 92.86 57.11
Magnesium 103.71 0.25 103.96 96.68
Sulphate 166.83 0.40 167.23 167.23
Iron 3.28 0.01 3.29 2.83
NORFOLK—HALDIMAND
Max. Pollution Load (tons/year)
Parameter Year—round Seasonal Total Probable Potential
Dwellings Dwellings Pollutant Load (tons/year)
Total P 62.96 1.12 64.08 21.47
Soluble P 49.95 0.89 50.84 17.03
Total N 312.19 5.56 317.75 184.30
Chloride 409.49 7.30 416.79 416.79
Sodium 472.45 8.42 480.87 312.57
Potassium 117.59 2.10 119.69 73.61
Magnesium 131.64 2.35 133.99 124.61
Sulphate 211.77 3.77 215.54 215.54
Iron 4.16 0.07 4.23 3.64
PARRY SOUND
Max. Pollution Load (tons/year)
Parameter Year—round Seasonal Total Probable Potential
Dwellings Dwellings Pollutant Load (tons/year)
Total P 12.97 2.86 15.83 5.30
Soluble P 10.29 2.27 12.56 4.21
Total N 64.31 14.17 78.48 45.52
Chloride 84.35 18.58 102.93 102.93
Sodium 97.32 21.44 118.76 77.19
Potassium 24.22 5.34 29.56 18.18
Magnesium 27.12 5.97 33.09 30.77
Sulphate 43.62 9.61 53.23 53.23




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Map showing the Distribution of Numbers of PWDS connected
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